In breast cancer cells, the linoleic acid (LA), an ω-6 essential polyunsaturated fatty acid, induces a variety of biological processes, including migration and invasion. Extracellular vesicles (EVs) are structures released by normal and malignant cells into extracellular space, and their function is dependent on their cargo and the cell type from which are secreted. Particularly, the EVs from MDA-MB-231 breast cancer cells treated with LA promote an epithelial-mesenchymal-transition (EMT)-like process in mammary non-tumorigenic epithelial cells MCF10A. Here, we found that EVs isolated from supernatants of MDA-MB-231 breast cancer cells stimulated with 90 μM LA induces activation of Akt2, FAK and ERK1/2 in MCF10A cells. In addition, EVs induces migration through a PI3K, Akt and ERK1/2-dependent pathway, whereas invasion is dependent on PI3K activity.
Introduction
The free fatty acids (FFAs) are utilized as source of energy and synthesis of milk lipids in the epithelial cells of mammary gland. In breast cancer cells the FFAs, through activation of their receptors, are able to mediate a variety of cellular processes including proliferation, migration and invasion (SotoGuzman et al. 2010; Yonezawa et al. 2004) . The linoleic acid (LA) is an essential polyunsaturated fatty acid (PUFA), and it represents the main PUFA in the most occidental diets. Moreover, LA can be a precursor of eicosanoids, because it is able to be converted to arachidonic acid (AA), and then AA can be converted to a variety of eicosanoids. Therefore, LA is able to induce inappropriate inflammatory responses, which contribute to development of various chronic diseases (Calder 2001; Fritsche 2008; Simopoulos 2006) . Particularly, LA induces proliferation, migration and invasion in breast cancer cells and an epithelial-mesenchymal-transition (EMT)-like process in MCF10A mammary non-tumorigenic epithelial cells (Byon et al. 2009; Espinosa-Neira et al. 2011; SernaMarquez et al. 2013 SernaMarquez et al. , 2017 Yonezawa et al. 2008) .
Extracellular vesicles (EVs) are structures enclosed by a lipid bilayer that are released by normal and malignant cells into extracellular space. The EVs function is dependent on their cargo and the cell type from which are secreted (Muralidharan-Chari et al. 2010; Penfornis et al. 2016) . The EVs are a broad and heterogeneous population of vesicles, which have been classically divided by size and origin in three groups: exosomes, microvesicles and apoptotic bodies (Ciardiello et al. 2016; Iraci et al. 2016; Minciacchi et al. 2015) . Exosomes are the smaller vesicles (30-100 nm), homogeneous in size and released by endosomal compartments, whereas microvesicles are a heterogeneous population of larger vesicles (100-1000 nm), released from plasma membranes via membrane blebbing (Ciardiello et al. 2016; Kowal et al. 2014; Minciacchi et al. 2015) . The EVs play important roles in the pathogenesis of various diseases, such as cancer (Ciardiello Electronic supplementary material The online version of this article (https://doi.org/10.1007/s12079-018-0490-2) contains supplementary material, which is available to authorized users. Webber et al. 2015) . Particularly, EVs from breast cancer patients and from MDA-MB-231 breast cancer cells stimulated with LA promote an EMT-like process in MCF10A cells (Galindo-Hernandez et al. 2014 .
A variety of cellular processes in both normal and tumor cells are mediated by activation of the PI3K/Akt (phosphatidylinositol 3-kinase/protein kinase B) signaling pathway, such as proliferation, growth, survival and angiogenesis (Dillon et al. 2007; Yang et al. 2016) . The PI3K family consists of three lipid kinases that originates phosphoinositol lipids, which act as second messengers in a number of intracellular signaling pathways, including PDK1 and Akt activation Vanhaesebroeck et al. 2010 ). Akt family is the primary downstream mediator of PI3K, and it is constituted for three serine-threonine kinases, namely Akt1, Akt2 and Akt3 (Clark and Toker 2014; Matheny and Adamo 2009) . Activation of Akt members is given by their phosphorylation at threonine (Thr)-308, Thr-309 and Thr-305, and their phosphorylation at serine (Ser)-473, Ser-474 and Ser-472 in Akt1, Akt2 and Akt3 respectively (Clark and Toker 2014; Dillon et al. 2007; Yang et al. 2016) .
The present work demonstrate that EVs isolated from supernatants of MDA-MB-231 breast cancer cells treated with 90 μM LA induces activation of Akt2, FAK and ERK1/2 in mammary non-tumorigenic epithelial cells MCF10A. In addition, EVs induces migration via PI3K, Akt and ERK1/2 activity, whereas invasion requires PI3K activity.
Materials and methods

Materials
LA sodium salt (99% purity) and A6730 were from Sigma (St. Louis MO). Wortmannin and ERK inhibitor (3-(2-aminoethyl)-5-((4-ethoxyphenyl)methylene)-2,4 thiazolidinedione hydrochloride, HCl) were from Merck Millipore (Rockland, MA). FAK antibody (Ab) C-20 was from Calbiochem-Merck Millipore (Darmstadt, Germany). LY294002, Akt2 Ab F-7, Akt1 Ab 5C10, CD9 Ab C-4 and major histocompatibility complex class I (MHC-I) Ab BRA23/9 were from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Flotillin-2 Ab and basement membrane matrix (BD Matrigel) were from BD Biosciences (Bedford, MA). Phosphospecific Ab to tyrosine (Tyr)-397 of FAK (anti-p-FAK Ab) was from Invitrogren (Waltham, MA). Phosphospecific Ab E10 to Thr-202 and Tyr-204 of ERK1/2 (anti-p-ERK1/2), phosphospecific Ab to Ser-473 of Akt (anti-p-Akt Ab) and ERK1/2 Ab were from Cell Signaling Technology (Beverly, MA). Actin Ab was kindly provided for Dr. Jose-Manuel Hernandez (Cinvestav-IPN).
Cell culture
The human MDA-MB-231 breast cancer cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 3.7 g/l sodium bicarbonate, 5% fetal bovine serum (FBS) and antibiotics. The human MCF10A mammary non-tumorigenic epithelial cells were cultured in DMEM/F12 medium (3:1) supplemented with 10% FBS, 0.5 μg/ml hydrocortisone, 20 ng/ml recombinant epidermal growth factor (EGF), 10 μg/ml insulin and antibiotics. Cells were cultured in a humidified atmosphere containing 5% CO 2 and 95% air at 37°C.
The MDA-MB-231 cells were starved in DMEM without FBS for 24 h; whereas MCF10A cells were starved in DMEM/F12 without FBS, hydrocortisone, EGF and insulin for 18 h, before treatment with LA or EVs respectively.
Stimulation of MDA-MB-231 cells with LA
Cell stimulation was performed as described previously (Galindo-Hernandez et al. 2014) . After starvation, 8 × 10 6 MDA-MB-231 cells (confluent cultures) were stimulated without or with 90 μM LA for 48 h, and then conditioned medium was collected.
Isolation of EVs from conditioned medium
Isolation of EVs from conditioned medium of MDA-MB-231 cells stimulated with LA was performed as described previously (Abache et al. 2007; Escola et al. 1998) . Conditioned medium was centrifuged twice for 10 min at 600 g and supernatants were obtained. Next, supernatants were carefully aspirated and then sequentially centrifuged at 2000 g twice for 15 min, once at 10,000 g for 30 min and once at 100,000 g for 60 min (EVs fraction). The EVs fraction obtained was enriched in exosomes and microvesicles.
The absolute number of EVs was determined by using TruCOUNT tubes as described previously (GalindoHernandez et al. 2014 ).
Stimulation of MCF10A cells with EV fractions
Cultures of MCF10A cells were washed twice with PBS and stimulated with EV fractions from 8 × 10 6 MDA-MB-231 cells unstimulated or stimulated with 90 μM LA for 48 h (~52,450 EVs / EV fraction / Experimental condition). After stimulation, medium was collected and cells were solubilized in 0.5 ml of ice-cold RIPA buffer (50 mM HEPES pH 7.4, 150 mM NaCl, 1 mM EGT4, 1 mM sodium orthovanadate, 100 mM NaF, 10 mM sodium pyrophosphate, 10% glycerol, 1% Triton X-100, 1% sodium deoxycholate, 1.5 mM MgCl 2 , 0.1% SDS and 1 mM PMSF) (Fig. 1S) . The protein level of samples was determined by the micro-Bradford protein assay.
Transmission electron microscopy
Transmission electron microscopy (TEM) was performed as described previously (Baran et al. 2010) . EV fractions were adsorbed for 5 min on carbon coated copper grids with mesh formvar (0.3%). The grids were exposed for 30 s on a drop of 2% uranyl acetate for negative staining, and excess of fluid was removed using filter paper. The grids were air dried and analyzed using a JEM-1400 transmission electron microscope (Jeol, Japan) operated at 80 kV and supplied with a digital camera Veleta (Olympus SIS, Germany).
Immunoprecipitation
Lysates were clarified by centrifugation at 12000 rpm for 10 min. Supernatants were transferred to fresh tubes and equal amounts of protein were immunoprecipitated overnight at 4°C with protein A-agarose linked to anti-Akt1 Ab or antiAkt2 Ab. Immunoprecipitates were washed three times with RIPA buffer and extracted in SDS-PAGE sample buffer by boiling 5 min and resolved by SDS-PAGE.
Western blotting
Equal amounts of protein were separated by SDS-PAGE using 10% separating gels followed by transfer to nitrocellulose membranes. After transfer, membranes were blocked using 5% non-fat dried milk in PBS pH 7.2/0.1% Tween 20 (wash buffer), and incubated overnight at 4°C with primary Ab. Membranes were washed three times with wash buffer and incubated with secondary Ab (horseradish peroxidaseconjugated Abs) (1:5000) for 2 h at 22°C. After washing three times with wash buffer, the immunoreactive bands were visualized using ECL detection reagent. Autoradiograms were scanned and the labeled bands were quantified using the ImageJ software (NIH, USA).
Scratch-wound assay
Confluent cultures of MCF10A cells were treated for 2 h with 12 μM mitomycin C to inhibit proliferation during the experiment. Cell cultures were scratch-wounded using a sterile 200 μl pipette tip, washed twice with PBS and refed with DMEM/F12 containing EV fractions from 8 × 10 6 MDA-MB-231 cells unstimulated or stimulated with LA for 48 h (~52,450 EVs / EV fraction / Experimental condition). The progress of cell migration into the wound was photographed at 48 h using an inverted microscope coupled to a camera. Migration was quantified using the ImageJ software (NIH, USA).
Chemotactic migration assay (Boyden chamber method)
Chemotactic migration assays were performed in 24-well plates containing 12 cell culture inserts with 8 μm pore size (Costar, Corning, Inc). MCF10A cells were treated for 2 h with 12 μM mitomycin C, and cells were re-suspended in DMEM/F12 and seeded into the upper chamber at 1 × 10 5 cells/well. EV fractions from 8 × 10
6 MDA-MB-231 cells unstimulated or stimulated with LA for 48 h (~52,450 EVs / EV fraction / Experimental condition) were added to the lower chamber. After 48 h of incubation at 37°C, nonmigrated cells were removed from the upper side of the membrane with cotton swabs, and the cells on the lower surface of the membrane were fixed in cold methanol for 5 min. The membrane was stained with 0.1% crystal violet in PBS. The dye was eluted with 200 μl of 10% acetic acid, and the absorbance at 600 nm was measured. Background value was obtained from wells without cells.
Invasion assays
Invasion assays were performed by the modified Boyden chamber method in 24-well plates containing 12 cell culture inserts with 8 μm pore size (Costar, Corning, Inc). Briefly, 50 μl BD Matrigel was added into culture inserts and kept overnight at 37°C. MCF10A cells were plated at 1 × 10 5 cells per insert in serum-free DMEM/F12 on the top chamber. The lower chamber contained 600 μl DMEM/F12 with EVs from 8 × 10 6 MDA-MB-231 cells untreated or treated with 90 μM LA (~52,450 EVs / EV fraction / Experimental condition). Boyden chamber were incubated for 72 h at 37°C in a 5% CO 2 , atmosphere and then cells and matrigel on the upper surface of membrane were removed with cotton swabs, and the cells on the lower surface of the membrane were washed and fixed in methanol for 5 min. Number of invaded cells was estimated by staining with 0.1% crystal violet in PBS. The dye was eluted with 500 μl of 10% acetic acid, and the absorbance at 600 nm was measured. Background value was obtained from wells without cells.
EVs uptake assay
EVs were labeled using the CellMasK Orange plasma membrane stain kit, according to the manufacturer's instructions. Briefly, EV fractions (~52,450 EVs / Experimental condition) were incubated in DMEM with CellMask Orange (2.5 μg/ml) for 30 min, and they were washed twice with DMEM by centrifugation at 100,000 g for 60 min. The MCF10A cells were treated with the labeled EVs for 0.5, 1 and 4 h in the absence or presence of inhibitors, and then they were rinsed twice with PBS and fixed with 4% paraformaldehyde. Cells were trypsinized and washed twice with PBS, re-suspended in PBS-1% BSA and analyzed with a cytometer Fortessa (Dako Cytomation). Data analysis was performed with the Summit 4.3 software.
Interference RNA Akt2 expression was silenced in MCF10A cells by using the silencer siRNAs (0.3 μM Akt2 siRNAs) kit from Santa Cruz Biotechnology, according to the manufacture's guidelines. One control of scramble siRNAs (0.3 μM) was included.
Statistical analysis
Results are expressed as mean ± S.D. of at least three independent experiments. Data were statistically analyzed using oneway ANOVA and Knewman-Keuls's multiple comparison test. Statistical probability of P < 0.05 was considered significant.
Results
EVs from MDA-MB-231 cells stimulated with LA induce Akt2 activation in MCF10A cells First, we isolated EVs from conditioned medium of MDA-MB-231 cells untreated or treated with 90 μM LA for 48 h by using differential centrifugation. To substantiate that those fractions were enriched in EVs, they were analyzed by TEM and Western blotting with anti-CD9 Ab, anti-Flotillin-2 Ab and anti-MHC-I Ab. As shown in Fig. 1a , EV fractions showed a homogeneous population of spherical vesicles with sizes ranging from 30 to 300 nm, and they express CD9, Flotilin-2 and MHC-I proteins. In contrast, these proteins were undetectable in depleted medium of EVs.
We studied whether EVs from MDA-MB-231 cells stimulated with LA induced Akt1 and Akt2 activation, given by their phosphorylation at Ser-473 and Ser-474 respectively. Cultures of MCF10A cells were treated for various times with EV fractions from MDA-MB-231 cells unstimulated or stimu l a t e d w i t h L A , a n d l y s e d . C e l l l y s a t e s w e r e immunoprecipitated (IP) with anti-Akt1 Ab or anti-Akt2 Ab and the immunocomplexes were analyzed by SDS-PAGE followed by Western blotting with anti-p-Akt Ab, which recognized phosphorylation at Ser-473 and Ser-474 of Akt1 and Akt2 respectively. Our findings demonstrated that treatment of MCF10A cells with EVs from MDA-MB-231 cells treated with LA did not induce an increase on Akt1 phosphorylation at Ser-473 (p-Akt1), whereas it induced an increase on Akt2 phosphorylation at Ser-474 (p-Akt2) (Fig. 1b and c, upper  panel) . Western blotting of same membranes with anti-Akt1 Ab and anti-Akt2 Ab were used as loading controls (Fig. 1b  and c, lower panel) .
Since, EVs from MDA-MB-231 cells treated with LA induced Akt2 activation at 0.5 and 1 h of treatment; we determined whether EVs from untreated cells induced Akt2 activation at different times of stimulation. Our findings demonstrated that EVs from untreated cells induced a weak activation of Akt2 at 0.17, 0.5 and 1 h of treatment (Supplemental figure, 2S-A).
PI3K is required for Akt2 activation induced by EVs from MDA-MB-231 cells treated with LA in MCF10A cells
We determined whether Akt2 activation required PI3K activity, because Akt is a downstream mediator of PI3K. MCF10A cells were treated for 2 h with 60 nM wortmannin or 10 μM LY294002, which are specific inhibitors of PI3K activity, and then stimulated for 1 h with EVs from MDA-MB-231 cells treated with LA and lysed. Lysates were immunoprecipitated with anti-Akt2 Ab, followed by Western blotting with anti-p- Akt Ab. Our findings showed that EVs induced p-Akt2 and it required the activity of PI3K in MCF10A cells (Fig. 2a) .
Next, we studied whether EVs from MDA-MB-231 cells treated with LA were taken up by MCF10A cells and the role of PI3K. We labeled EVs from MDA-MB-231 cells treated with LA with CellMasK Orange dye. Next, cultures of MCF10A cells were untreated or treated with 60 nM wortmannin for 2 h and then they were treated with stained EVs for 4 h. Cells were analyzed for their fluorescent intensity by flow cytometry. As illustrated in Fig. 2b , EVs from MDA-MB-231 cells treated with LA were taken up by MCF10A cells, whereas treatment with wortmannin did not inhibit the uptake of EVs (Fig. 2b) .
To further substantiate that EVs were taken up by MCF10A cells at different times, we performed taken up assays using MCF10A cells untreated or treated with wortmannin and with stained EVs from MDA-MB-231 cells untreated and treated with LA for 0.5 and 1 h. Our findings demonstrated that EVs from MDA-MB-231 cells untreated and treated with LA were taken up by MCF10A cells at 0.5 and 1 of treatment, and incubation with wortmannin did not inhibit the uptake of EVs (Fig. 2c) .
Role of PI3K/Akt2 in migration induced by EVs from MDA-MB-231 cells stimulated with LA in MCF10A cells
EVs from MDA-MB-231 cells treated with LA induce migration of MCF10A cells (Galindo-Hernandez et al. 2014) . We studied the role of PI3K and Akt on migration. Cultures of MCF10A cells were treated with two specific PI3K inhibitors (60 nM wortmannin and 10 μM LY294002) and one specific inhibitor of Akt1/2 (2 μM A6730) for 1 h, and then they were scratch-wounded and stimulated with EVs from MDA-MB-231 cells treated with LA. Our findings showed that EVs from MDA-MB-231 cells treated with LA induced migration through a PI3K-and Akt1/2-dependent pathway in MCF10A cells (Fig. 3a and b) .
To further substantiate our findings, cell migration assays were performed by using the Boyden chamber method and MCF10A cells treated with wortmannin and A6730, followed of stimulation with EVs from MDA-MB-231 cells treated with LA. As illustrated in Fig. 3c , migration induced by EVs requires the activity of PI3K and Akt1/2 in MCF10A cells. Next we studied the role of Akt2 in migration mediated by EVs. Akt2 expression was knocked down by using siRNA against Akt2 in MCF10A cells (Fig. 4a) . Next, these MCF10A cells were scratchwounded and stimulated with EVs from MDA-MB-231 cells untreated or treated with LA. As illustrated in Fig.  4b , migration induced by EVs was partly dependent in Akt2 expression in MCF10A cells.
EVs from MDA-MB-231 cells stimulated with LA induce invasion in MCF10A cells
Since EVs from MDA-MB-231 cells stimulated with LA induced invasion in MCF10A cells (Galindo-Hernandez et al. 2014) , we determined the role of PI3K in the invasion process. By using the Boyden chamber method, invasion assays were performed with MCF10A cells treated with 60 nM wortmannin for 2 h and stimulated with EVs from MDA-MB-231 cells treated with LA. Our findings showed that treatment with wortmannin inhibited the invasion induced by EVs in MCF10A cells.
FAK and ERK1/2 play a pivotal role in migration and invasion Zhao and Guan 2011) . We determined whether EVs from MDA-MB-231 cells treated with LA were (Fig. 5b and c, lower panel) .
Since, EVs from MDA-MB-231 cells treated with LA induced FAK activation at 1 h of treatment and ERK1/2 activation at 0.5, 1 and 2 h of treatment; we determined whether EVs from untreated cells also induced activation of FAK and ERK1/2 at different times of stimulation. Our findings demonstrated that EVs from untreated cells did not induce activation of FAK and ERK1/2 at 0.17, 0.5, 1 and 2 h of treatment (Supplemental figure, 2S-B,C) .
Next, we studied the role of ERK1/2 in migration. By using the Boyden chamber method, migration assays were performed with MCF10A cells treated for 1 h with 100 μM ERK inhibitor, and then treated with EVs from MDA-MB-231 cells stimulated with LA. As shown in Fig. 5d , EVs from MDA-MB-231 cells treated with LA induced migration through an ERK1/2-dependent pathway in MCF10A cells.
Discussion
An increased risk of breast cancer has been related with a diet rich in fatty acids including saturated fatty acids, monounsaturated fatty acids and ω-6 PUFA (Kim et al. 2006; Schulz et al. 2008) . The major PUFA in occidental diets is the LA, which has been estimated to be consumed at 15-20 g per day per person, with a plasma concentration of~275 μM (Anderson et al. 2009; Ferrucci et al. 2006) . In MDA-MB- (Serna-Marquez et al. 2013 .
Cancer cells share proteins and genetic information through secretion and uptake of EVs, which are able to transfer bioactive molecules including nucleic acids, chemokine receptors, growth factor receptors, functional transcription factors, and other transmembrane proteins (Ciardiello et al. 2016; Minciacchi et al. 2015) . We previously reported that EVs from MDA-MB-231 cells stimulated with 90 μM LA promotes an EMT-like process in MCF10A cells (GalindoHernandez et al. 2014) . However, the signal transduction pathways that mediate migration and invasion induced by EVs from MDA-MB-231 cells treated with LA in MCF10A cells remain to be studied.
The PI3K/Akt pathway mediates several biological processes including survival and cancer development (Toker 2012) . Particularly, PI3Ks mediate a variety of cellular processes, such as migration and invasion (Cantley 2002; Vivanco and Sawyers 2002) . We demonstrate here that EVs from MDA-MB-231 cells treated with LA mediates migration and invasion through a PI3K-dependent activity in MCF10A cells. Interestingly, PI3K activity does not mediate the uptake of EVs from MDA-MB-231 cell untreated and treated with LA in MCF10A cells. Since, treatment with EVs from untreated MDA-MB-231 cells does not induce migration and invasion, we propose that these EVs do not induce PI3K activation.
In addition, EVs from MDA-MB-231 cells untreated and treated with LA are uptaken for MCF10A cells at similar amounts. Therefore, we propose that treatment of MDA-MB-231 cells with LA induces the presence of cargos in the EVs, which are able to mediate migration and invasion through a PI3K-dependent pathway in MCF10A cells. Supporting our proposal, exosomes derived from the human gastric cancer cell line SGC7901 induce Akt activation and proliferation in SGC7901 and BGC823 human gastric cancer Asterisks indicate comparisons made to Ctrl EVs and control. *P < 0.05, **P < 0.01, ***P < 0.001 cells, whereas proliferation is dependent of PI3K activity (Qu et al. 2009 ).
Studies in genetically engineered mouse models and breast cancer cell lines demonstrate that Akt members mediate isoform specific cell functions. In a mouse model of mammary tumorigenesis, Akt1 promotes tumorigenesis and suppresses invasion; whereas Akt2 increases invasion, metastasis and promotes an EMT process in breast and ovarian cancer cells (Clark and Toker 2014; Irie et al. 2005) . We demonstrate that just the EVs from MDA-MB-231 cells treated with LA induce Akt2 activation and it requires PI3K activity in MCF10A cells. In addition, EVs induce migration, and treatment with an Akt1/2 inhibitor completely inhibits migration. However, inhibition of Akt2 expression partly inhibits migration in MCF10A cells. We propose that EVs induce migration through an Akt2-dependent pathway, but inhibition of Akt2 expression promotes that Akt1 partly mediates the migration induced by EVs in MCF10A cells. Supporting our proposal, exosomes from hepatocellular carcinoma cell lines induces migration and Akt1/2 activation in an immortalized hepatocyte line (He et al. 2015) .
During EMT process, epithelial cells gain the capacity to migrate and invade through extracellular matrix, which is mediated by activation of cell surface receptors and non-receptor kinases, including FAK and ERK1/2 (Avizienyte and Frame 2005) . Particularly, FAK has been associated with tumorigenesis and metastasis, because it regulates survival, migration, invasion, angiogenesis and the EMT process (Zhao and Guan 2011) . In addition, ERK1/2 are associated with migration, because they phosphorylate FAK at Ser or Thr residues (Huang et al. 2004 ). Our results demonstrate that EVs from MDA-MB-231 cells treated with LA induce FAK and ERK1/ 2 activation, and that migration is dependent on ERK1/2 activity in MCF10A cells. In agreement with our findings, embryonic stem cells secrete microvesicles, which promote migration and FAK and JNK activation in trophoblast during the implantation process (Desrochers et al. 2016) . Moreover, exosomes derived from SW480 colorectal cancer cells induce ERK1/2 activation and migration in hepatocellular cancer cells HepG2, whereas EVs from colorectal cancer cells induce migration via ERK1/2 and JNK activation in endothelial cells (Chiba et al. 2016; Yoon et al. 2014) .
We propose that treatment of MDA-MB-231 cells with LA promotes changes in molecular composition of EVs, which induces Akt2 activation and the migration/invasion process through a PI3K/Akt-dependent pathway in MCF10A cells. Supporting our proposal, modifications in culture conditions modify the composition of EVs in endothelial and tumor cells, whereas radiation alters the cargo of exosomes released from squamous head and neck cancer cells, which promote migration of target cells (Colombo et al. 2014; Mutschelknaus et al. 2017) .
In summary, our findings demonstrate, for the first time, that EVs from MDA-MB-231 cells stimulated with LA induce migration through a PI3K/Akt-and ERK1/2-dependent pathway in MCF10A cells. Moreover, EVs also promote FAK and ERK1/2 activation and invasion through a PI3K-dependent pathway. In contrast, EVs from unstimulated MDA-MB-231 cells do not induce activation of PI3K, Akt, FAK and ERK in MCF10A cells. Our findings are depicted in Fig. 6 . 
